were measured with a SHIMADZU UV-2600 model.
Emission Spectra/Quantum Yield:
The solution samples were prepared in concentrations of 10 -2 mg/mL in toluene and then degassed through N2 bubbling. Fluorescent spectra and absolute quantum yields were obtained using a Hamamatsu C11347 instrument with a calibrated integrating sphere system. The slit width for irradiation was 1.2 mm and the exposure time was automatically calibrated.
Transient Absorption Spectra (TAS):
The solution samples were prepared in concentrations of 10 -2 mg/mL in toluene for measuring their spectra.
Nanosecond TAS measurements were performed by using a home-built nanosecond TAS system with a N2 laser (LTB Lasertechnik Berlin GmbH, MNL 202-C) pumped dye laser (LTB Lasertechnik Berlin GmbH, ATM200, 700 ps pulse duration) as an excitation source. Transient absorption signal was Microsecond TAS measurements were performed with a home-built TAS system with a N2 laser (OBB, OL-4300) pumped dye laser (OBB, OL-401, 800 ps pulse duration) as an excitation source. The data was obtained with a photodiode-based detection system (Costronics Electronics) through a monochromator (JASCO, M10), and the signal was collected through a TDS-2022 Tektronix oscilloscope. Measurements were conducted with a pulse excitation energy density of 70 μJ/cm 2 with a repetition rate of 2 Hz at 22 °C. The instrument response time was ~700 ns. Transient spectra were corrected for the spectral response of a grating in a monochromator and a detector. No change in the steady-state absorption spectra before and after the transient experiments was observed, suggesting that the samples were stable during the experiments.
Gas Preparation: CO2 (99.9% purity), O2 (99.9% purity), H2 (99.99% purity), CH4 (99.9% purity), and C2H4 (99.5% purity) gases were supplied by portable gas canisters which were purchased from GL Science. CO (>99.95% purity) gas cylinder was purchased from Taiyo Nippon Sanso. N2 was prepared via vaporization of liquid N2 (99.999% purity) purchased from ATOX. H2S gas was prepared via a laboratory method (FeS + H2SO4 (dil.) → H2S + FeSO4), and then was passed through CaCl2 powder to trap out H2O contaminants.
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Supplementary Methods
Synthesis of 2
Under argon, 1 (189 mg, 117 mol), PdCl2 (PPh3)2 (4.2 mg, 5.9 mol) and CuI (1.1 mg, 5.9 mol)
were added into degassed piperidine (2.5 mL). Into the solution, trimethylsilylacetylene (80.8 L, 569 mol) was added, and then the reaction mixture was stirred at room temperature for 18 h. The mixture was quenched with aqueous NH4Cl and diluted with CHCl3. The organic layer was separated and dried over MgSO4, and then filtered. The solvent was removed by evaporation, and the residue was purified by GPC with CHCl3 as the eluent to yield 1 as a yellow solid (192 mg, quant. 
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Another synthetic route to bimetallopolymer 6
Synthesis of S2
2 (100 mg, 63.1 mol) and [Ru(TPP)CO] (24.0 mg, 28.0 mol) were dissolved in toluene (75 ml).
The reaction mixture was irradiated using a high-pressure mercury lamp for 22 h under argon bubbling and stirring at room temperature. As the reaction was proceeded, the solution color was changed from red to purple. The solvent was removed by evaporation and the residue was purified by GPC with CHCl3 as the eluent to yield S1 as a purple solid (97 mg, 78%).
Under an argon, S1 (85.0 mg, 22.0 mol) and K2CO3 (11.8 mg, 85.5 mol) was dissolved in MeOH (3 mL) and THF (15 mL). The reaction mixture was stirred at room temperature for 3.5 h. The mixture was quenched with H2O, and diluted with CHCl3 and washed with brine. The organic layer was separated and dried over MgSO4. The solvent was removed by evaporation and the residue was purified by GPC with CHCl3 as the eluent to yield S2 as a purple solid (63 mg, 77% 
Supplementary Note 4 Thermal analysis of bimetallopolymer
Thermogravimetry (TG) of bimetallopolymer 6 was conducted to examine its thermal stability. The bimetallopolymer in the solid state was stable below 300 °C under ambient air, while a drastic weight loss was observed above 300 °C ( Supplementary Fig. 4 ).
Supplementary Figure 4
Thermogravimetric analysis of bimetallopolymer 6 in the solid state. 
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Supplementary Note 6
Concentration dependence of bimetallopolymer 6
Absorption spectra of bimetallopolymer 6 for various concentrations ranging from 3.3 × 10 -3 mg/mL to 5.0 × 10 -2 mg/mL and their maximum absorption wavelengths were independent of the diluted solution concentrations Supplementary Fig. 8 ). The results indicated that the bimetallopolymer did not form any assembled structures for diluted solution concentrations during our experiments.
Supplementary Figure 8
Absorption spectra of bimetallopolymer 6 in toluene; a under various concentrations and b its normalized spectra. 
Supplementary Note 8 Recycling experiment
As shown in Supplementary Fig. 10b , bimetallopolymer successfully depolymerized to monomers 4 and 5 after the reaction with CO gas. Similarly, analysis with 254 nm detector indicated that Ru porphyrin 5 was successfully generated in the reaction mixture ( Supplementary Fig. 10d ). Subsequent UV irradiation provided repolymerizing bimetallopolymer 6 along with consuming the monomers as shown in Supplementary Fig. 10c . While the polymerization degree after repolymerization were slightly less than that before depolymerization, these results demonstrated that the reaction with CO gas for bimetallopolymer 6 afforded the monomers 4 and 5 without critical decompositions of each fragment. 
Supplementary
Supplementary Note 9
Gas selectivity Supplementary Fig. 11 displayed the emission spectra of each resultant mixture with polymer and monomers. In Fig. 3f , the emission intensities at 557 nm was indicated against each target gas.
Supplementary Figure 11
Emission spectra of the dilute and deoxygenated toluene solutions after reaction with various gases; a N2, b O2, c H2, d CO2, e CO, f CH4, g C2H4, and h 1%v/v H2S in N2
(concentration: 10 −2 mg/mL, excitation at 365 nm). 
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A mixed gas experiment was conducted by using ambient air (a mixture of N2, O2, and CO2) as one of the mixed gases. The bimetallopolymer 6 responded to 1% CO gas under mixed gas with ambient air to display phosphorescence ( Supplementary Fig. 12 and 13) . The results indicated that the responsiveness of the bimetallopolymer to CO gas was not affected even under the mixed gas condition. 
Supplementary Figure 12
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Supplementary Note 10
Concentration dependence and tunable thresholds for dual self-controlling system Supplementary Fig. 14 displayed the emission spectra of each resultant mixture. In Fig. 4b , the emission intensities at 557 nm were plotted against CO gas concentrations. Supplementary Fig. 15 demonstrated the two thresholds with the linear concentration scales.
Supplementary Figure 14
Emission spectra of the dilute and deoxygenated toluene solutions after reaction at 100 °C for 10 min with various concentrations of CO gas (concentration: 10 −2 mg/mL, excitation at 365 nm).
Supplementary Figure 15
Concentration-dependences of emission intensities at 577 nm in Supplementary Fig. 14 with linear concentration scales. Supplementary Fig. 17 displayed the emission spectra of each resultant mixture. In Fig. 6 , the emission intensities at 557 nm, which was determined with the average value of 5 adjacent points between 556 nm to 559 nm, were plotted against CO gas concentrations.
Supplementary Figure 17
Emission spectra of the dilute and deoxygenated toluene solutions after reaction with various concentrations of CO gas; a at 100 °C for 3 min and b at 90 °C for 10 min (concentration: 10 −2 mg/mL, excitation at 365 nm). The calculated structure of 4 shown in Supplementary Fig. 2 was determined by ONIOM [4] [5] [6] calculations. In the calculation, the molecular system was divided into two layers above C (sp 2 )-O bonds. The high layers were assigned to the conjugated backbones, involving the phenylene ethynylene moieties and the Pt complex, for B3LYP/Lanl2DZ calculation. The low layers containing PM -CD parts were calculated on semi-empirical molecular orbital calculation using PM6 method.
All calculations were performed with the Gaussian 09. 
